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ARTICLE INFO ABSTRACT 

 Inflammation, cancer and a variety of human disorders are connected with NF-ΚB 
and NF-κB -inducing kinase light-chain-enhancer of activated b cells increased 
expression in the biological framework. The NF-κB and NIK cascades vital 
components may control the relocation as well as stimulation of the NF-κB 
transcription factor along with NIK. The current work focuses on active site analysis 
as well as molecular docking investigations of NF-κB and NIK pathway key 
components. The natural chemicals employed as ligands in this docking 
investigation are Guggulsterone Z and Withaferin A. The present study focused on 
comparative docking studies on drug target proteins using separate ligands. The 
current study shed information on the binding capacities and interactions of 
components found in the oleoresin of Ashwagandha and Guggul plants with the 
active sites of NFkB and NIK. The molecular docking studies predicted an improved 
interaction between NFkB NIK, and the bioactive content of Ashwagandha 
(Withaferin A) and Guggul (Guggulsterone Z (GZ)) with binding energies of -7.5, -
8.8, -7.1, and -8.2 kcal/mol, confirming the coexistence of both ligands at different 
binding sites of the metabolising enzymes. Furthermore, the ADMET and drug-
likeness ratings were shown to be beneath the normal range for water solubility, 
Caco-2 permeation, human intestinal absorption (HIA), and blood-brain barrier 
(Absorption) and exhibited negative cancer-causing consequences.  
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Introduction 

 
Ayurveda, frequently acknowledged as “The Science of Life”, is an ancient form of medicine practiced in the 
Indian subcontinent. It is centred on an all-encompassing approach to life, health, including healing. Ayurvedic 
texts explain rejuvenate treatments that replenish the body's tissues. This study uses medicinal herbs such as 
Withania somnifera (Ashwagandha) and Commiphora wightii (Guggul) that have therapeutic potential for 
respiratory ailments and many other ailments. They both act as immunomodulators, strengthening the body's 
defences against infections[1]. W. somnifera (WS), also known as “Ashwagandha”, is a “rasayana” (rejuvenator) 
that improves physical along with mental well-being, rejuvenates the body, and promotes longevity. It has been 
shown to have the qualities include anti-inflammatory, anti-hyperglycaemic, anti-microbial, analgesic, anti-
tumor, de-stress, neurologically protective, cardicprotection, revitalising & immunobalancing. Guggul's 
traditions dates back to 1700 BC in line with Sushrut Samhita, a medical and surgical text, oral administration 
of guggul can treat internal tumours, malignant ulcers, obesity, liver dysfunction, intestinal parasites, 
leucoderma vulgar, sinusitis, as well as edema. This conventional form of medicine serves to prevent & treat 
several conditions, including IBD, ulcerations, arthritis, CVDs, in addition to hyperglycemia[2,9].In 
carcinogenesis, signalling pathways are less well regulated. Signalling pathway dysregulation is a major 
contributor to cancer and inflammatory disorders. The NF-κB signalling system is a complicated network that 
connects extracellular stimuli with cell survival and proliferation. It responds to several activators, 
including“viruses, the cytokines interleukin, lipopolysaccharides (LPS), oxygen depletion, along with 
substances that negatively impact DNA”[3]. NF-κB (nuclear factor kappa) can activate either conventional or 
alternative signalling pathways. Different cues excite these pathways, which need distinct IκB kinase (IKK) 
complexes. Many receptors preferentially activate the alternative route. The classical signalling pathway has 
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received significant attention as a therapeutic target. There is a rising interest in creating powerful modulators 
to block NF-κB function by inhibiting different phases of the signalling cascade [4]. To reduce growth of 
cancerous tumour & medication resistance, it is vital to decrease upstream proteins that activate NF-kB. NF-
kB -inducing kinase NIK is a critical gatekeeper kinase that regulates stimulation of the NF-kB route plays a 
considerable part in modulating immunity as well as inflammation furthermore because it affects vital cellular 
processes that encompass proliferation division as well as cell viability NIK constitutes a prerequisite for the 
optimum operations of the cells[5].Molecule docking is an executable programme known to examines the 
search zone indicated by the molecular proximity and ranks options to determine the optimum adherence 
behaviour. Thus, docking needs both a search technique and an assessment mechanism.Docking relies of a pair 
of primary steps: sampling along with scoring. Sampling implies an exhaustive examination of the 
conformational domain of the substances that are getting docked. This dynamic area is enormous, attributable 
partially to the flexibility of both the receptor as well as the ligand, which allows every molecular structure to 
change shape in response to the other's effect. To restrict this wide conformational area, the receptor is usually 
maintained stiff[6]. 

2. Methodology 
2.1 Protein Preparation 
The crystalline structures of the NIK Complex “PDB ID: 4G3D” and NF-κB “PDB ID: 3GUT” were acquired 
from the Protein Data Bank (http://www.rcsb.org/)”, at the beginning of study all non-protein molecules 
were removed from the docking simulations, and just the required atom site was kept for any alternative 
atom positions. All target proteins were energy-minimized prior to docking studies[7]. 
2.2 Ligand Preparation 
The 3D structures of Guggulsterone Z ““(8R,9S,10R,13S,14S,17Z)-17-ethylidene-10,13-dimethyl-
1,2,6,7,8,9,11,12,14,15-decahydrocyclopenta[a]phenanthrene-3,16-dione)(mw: 312.4 g/mol))” and Withaferin 
A “((1S,2R,6S,7R,9R,11S,12S,15R,16S)-6-hydroxy-15-[(1S)-1-[(2R)-5-(hydroxymethyl)-4-methyl-6-oxo-2,3-
dihydropyran-2-yl]ethyl]-2,16-dimethyl-8-oxapentacyclo [9.7.0.02,7.07,9.012,16] octadec-4-en-3-one) (mw: 
470.6 g/mol)” ” were retrieved from the Pubchem database “(http://pubchem.ncbi.nlm.nih.gov/)” MMFF94x 
force feld was used to optimise the results (Figure 1(a)(b))”. The optimised structures were utilised as starting 
points for molecular docking investigations.  

(Z)-Guggulsterone                                      Withaferin A                    

       
Figure 1 (a)(b) - Structure of Guggulsterone Z and Withaferin A 

     
 2.3 Molecular docking 
The molecular docking investigation was conducted using AutoDock Vina software.  YASARA was used to dock 
active phytochemicals from W. somnifera (Withaferin A) and Commiphora wightii (Guggulsterone Z) with 
NFkB Mpro (PDB ID: 1NFK) and NIK (PDB ID: 4G3D). To conduct the docking investigation, the study utilised 
prepared receptor and ligand files to define targets as well as play macros in Autodock Vina programme. The 
macro file dockrun_mcr was used to calculate the interaction energy between the receptor along with chosen 
ligands individually. YASARA was used to perform 25 VINA docking sessions between ligand 2 and receptor 1. 
Docked complexes were visualised using YASARA software and exported to PDB files for interactive 2D-3D 
visualisation using DS 4.0 and PyMol. The docking calculation investigation used result log data from Autodock 
Vina. 
Docked complexes were reduced in size using Vina scoring to calculate binding energy (kcal/mol) and 
dissociation constant (pM). Positive energy suggests superior binding, whereas energy that is negative indicates 
no possible binding[4]. 
 
2.4 Molecular dynamic stimulation 
The docked complexes were prepared, maximised, along with minimised using the protein synthesis tool in 
the“OPLS-3e (optimised potential for liquid simulations-Schrodinger)” force field. “Molecular dynamics (MD)” 
simulations using the Desmond MD software were performed on complexes with the least energy and RMSD 
of 0.30 Å. The system builder was used to mask protein-ligand complexes by executing the TIP3P water model. 
To neutralise, metal ions were supplied at a salt concentration of 0.15. The built-in systems in each complex 
were subjected to a typical equilibration technique. MD simulation was done at a timeframe of 20 ns using the 
“OPLS-3e” force field. The Desmond simulation interaction analysis was used to investigate RMSD and 
hydrogen bonding[4,8-10]. 
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2.5 Drug Likeness and ADMET prediction 
Using the web-based Lipinski rule of five (http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp) 
along with admetSAR server (http://lmmd.ecust.edu.cn/admetsar1/predict/), the most promising docked 
compounds from Ashwagandha (Withaferin A) as well as Guggul (Guggulsterone Z) were selected for 
druglikeness testing as well as “ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) profile 
prediction” [6, 11].  
The Secondary metabolic profiling, antioxidant potential, enzyme approach estimates the penetration of tiny 
chemical substances by estimating their lipophilicity along with polarity, making it an accurate predictor. The 
model predicts brain as well as intestine penetration based on the same physicochemical characteristics, 
making it easy to convert into molecular design due to its quickness, precision, conceptual simplicity, and clear 
graphical output[12]. 
 

3. Results 
 
3.1 Molecular docking 
Different active phytochemicals found in Ashwagandha (Withaferin A) & Guggul (Guggulsterone Z) had a 
considerable binding affinity with NFkB as well as NIK, according to a molecular docking research that assessed 
YASARA score in order to exhibit significant binding affinity with of NIK and NFkB. In accordance with 
molecular docking investigations, Withaferin A and Guggulsterone Z have a strong binding affinity. Withaferin 
A, when combined with NIK and NFkB, has a maximal binding energy of -7.5 and -8.8 kcal/mol. When 
combined with NIK and NFkB, Guggulsterone Z had a highest binding energy of -7.1 and -8.2 kcal/mol as 
shown in image.  There were few van der Waals contacts created by residual residues. The standard binding 
range for considerable binding is (- 3.2 and -18.5 kcal/mol)[10]. 

                                             
Withaferin A + NIK                                                     Withaferin A + NFkB 

 

                                           
Guggulsterone Z + NIK                                               Guggulsterone Z + NFkB 

 

Figure 2- Docked structures of Withaferin A and Guggulsterone Z with NIK and NFkB 
(a)(b)(c)(d) 1- Withaferin A +NIK, Withaferin A + NFkB, Guggulsterone Z +NIK, 

Guggulsterone Z +NFkB 
The group of phytochemicals having considerable binding energy (- 3.2 and -18.5 kcal/mol kcal/mol) with 
NFkB along with NIK is shown in Table 1. 

Table 1. List of phytochemicals with binding energy - 3.2 and -18.5 kcal/mol for NFkB and NIK

 
 
3.2 Molecular dynamics simulations 
The covariance matrix reveals the interaction between pairs of residues, which means whether these residues 
undergo movements could be linked (red), independently occurring (white), or inversely associated (blue). By 
IMODS ligand and protein prep by MDWEB (Molecular dynamics on web). 
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Figure 3 - COVARIANCE matrix of Withaferin A and Guggulsterone Z with NIK and NFkB 
(a)(b)(c)(d) 1- Withaferin A + NIK, Withaferin A + NFkB, Guggulsterone Z + NIK, 

Guggulsterone Z + NFkB 
 
3.3Drug-likeness and ADMET profile analysis      
The ADMET molecular prediction of property test was executed up via the swissadme server, and the drug-
likeness test for the best docked compounds was determined by applying Lipinski's rule of five[11,13]. By 
adhering to its five parameters—molar refractivity, log P, hydrogen bond donor, hydrogen bond acceptor, as 
well as molecular mass—the Lipinski rule of five, referred to as the thumb rule of five, helps distinguish among 
compounds that are considered drug-like and those that are not. In terms of their water solubility, permeability 
to Caco-2, human intestinal absorption (HIA), and blood-brain barrier (Absorption). Withaferin A and 
Guggulsterone Z were determined to fall within the usual range and to have no carcinogenic (NC) effects (Table 
2)[13]. 
 
Table 2. Physiochemical properties of potential inhibitors of NFkB and NIK receptor from Withaferin A and 

Guggulsterone Z 
Compound 
name 

MW < 
500 

Blood-Brain 
Barrier 
(Absorption) 

Aqueous 
solubility 

HIA Caco-2 
(cm/s) 

Carcino
gens 

Withaferin A  470.6g/
mol 

0.8697 -4.2028 1 0.6967 NC 

Guggulsteron
e Z 
 

312.4g/
mol 

0.982 -4.3674 0.808
6 

0.7724 NC 
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 For Guggulsterone Z  

 
Figure 4 - A BOILED-Egg illustration to predict gastrointestinal absorption and brain 

penetration of small molecules. 
 
P-gp substrates (PGP+), P-gp non substrates (PGP-), Human gastrointestinal absorption (HIA) 

   
 

 For Withaferin A 

 
Figure 5 - A BOILED-Egg illustration to predict gastrointestinal absorption and brain penetration of small 

molecules. 
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P-gp substrates (PGP+), P-gp non substrates (PGP-), Human gastrointestinal absorption (HIA) 

 

 

 
 

4. Discussion 
 

In contemporary medicine, anti-inflammatory and corticosteroid medication are being utilised singly or in 
combination to treat chronic prostatitis. Since natural products have a lower toxicity profile than manufactured 
substances, they can be employed medicinally. When seeking treatment for chronic prostatitis, turning to 
Ayurveda offers dependable, scientifically supported herbal remedies to address respiratory ailments and many 
other ailments like inflammation, diabetes, microbial infection, analgesic, tumor, stress, neurological disease, 
chronic heart disease. The present treatment approach is thought to benefit from the addition of techniques to 
decrease NF-κB activity in malignancies.  In this work, study conducted the first docking investigation of 
Guggulsterone Z and Withaferin A on NF-κB signalling proteins [14-16].The IKK complex is a crucial part of 
the NF-κB signalling cascade, which phosphorylates Ser32 and Ser36 to activate IκBα. This is accomplished by 
activating the NIK complex [9,18-20].NIK overexpression causes NF-κB hyperactivation in cancer cells. 
Catalytic IKKα/β kinases and a regulatory protein (NEMO, or IKKγ-NFkB essential modulator) make up the 
NIK related IKK complex. When NEMO binds to the unphosphorylated IKK kinase C termini, the IKK 
complex's catalytic activity is triggered. The amino acid residues from NEMO (Leu93, Phe97, Lys90, Glu89, 
and Val104) and IKK kinase (W741, W739, and F734) contributed to the protein–protein interactions of 
additional IKK and NEMO [21]. In this investigation, the study found that by interacting with the active site, 
Guggulsterone Z and Withaferin A both interfered with the connection between NIK and the NF-κB complex. 
The active site residues that make up the NF-κB complex's DNA binding pocket primarily interact with DNA 
during NF-kB-dependent gene expression. Reduced binding interactions with DNA may result in the 
suppression of gene expression that is dependent on NF-kB. In acute prostate inflammation, pathways such as 
PI3K/Akt, MAPK, and NFB signalling are suppressed by Withaferin A and Guggulsterone Z. Numerous studies 
have shown that Guggulsterone Z is a highly effective NF-κB inhibitor in a range of malignancies and 
inflammatory illnesses. It was not previously known how Withaferin A and Guggulsterone Z together affected 
NF-κB or NIK inhibition. In this work, NIK and NF-κB are used for bioinformatics investigation of the binding 
processes of Withaferin A and Guggulsterone Z. 
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5. Conclusions 
 

The term chronic prostatitis is ambiguous and describes a range of symptomologies that necessitate customised 
care based on the complaints of the patient. Given this, the study aim was to evaluate the strength of the 
evidence supporting various treatment alternatives and provide a treatment algorithm based on the widely 
discussed up point framework. The study found that there is possible association between Guggulsterone Z and 
Withaferin A on NFkB and NIK pathway which opens a wide range of opportunities for treatment of various 
indication which have chronic inflammation of prostate gland, which will ultimately increase human survival. 
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